Development of a bioreactor for axially loaded intervertebral disc organ culture.
Whole disc organ culture is needed for preclinical testing of biological repair of the degenerate intervertebral disc. Such organ culture is hampered by two major limitations: first obtaining adequate nutrition though the calcified cartilage endplates adjacent to the vertebral bone, and second by loss of tissue integrity if the endplates are removed from the discs. In this work we utilize a recently described technique for whole disc isolation that overcomes these problems, by removal of vertebral bone and the adjacent calcified portion of the endplate, and the construction of a bioreactor that permits long-term viability of these discs in loaded organ culture. The bioreactor consists of a culture chamber in which the disc can be dynamically loaded in a uniform manner. The culture chamber is large enough to accommodate discs up to 60 mm in diameter, and so is amendable to study both bovine and human discs. The discs are loaded in the culture chamber by upper and lower platens, which conform to the shape of the remaining cartilaginous endplate and permit fluid flow across its surface. The bioreactor is able to load the disc under a variety of conditions ranging from static to dynamic and from physiological to pathological, and monitor induced changes in disc height. To date, bovine caudal discs have been maintained viable in the bioreactor for up to 4 weeks without any appreciable loss of disc height under physiological cyclic load and, in principle, could be maintained in such a manner for several months. Such long-term organ culture is essential for studying biological repair of the disc.